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other environmental factors, it may be granted there¬ 
fore that growth and reproduction vary in length and 
periodicity with temperature. Nevertheless, the fact 
that the spawning season may be postponed makes 
us feel unsatisfied with an explanation which transfers 
in a general way, as, say, by the physical condition 
of the circulation, the function of intimating to the 
gonad that it can proceed with its development. 
Besides, the regularity of the spawning seasons, the 
manner in which summer and winter are impressed 
upon the most sedentary animals, the influence of 
warmth and density in promoting larval life, and 
other similar considerations, bring us back once more 
to the question of environment. 

There may be said to be, as is shown in the 
accompanying diagrams, three phases of life in all 
animals: immaturity, maturity, and spawning. If 
the act of spawning is not followed by death, then 
there succeeds a series of similar phases. If we are 
prepared to recognise that the phase of immaturity is 
not ended alone by the attainment of the requisite 
somatic growth, then it is regulated by an organ 
which acts as an inhibitor of the next phase, and 
continues to act, not merely until the soma is in the 
requisite condition, but until the environment is also 
favourable. Such an organ must be placed in a con¬ 
venient situation for receiving impressions from the 
environment and for communicating to the blood a 
hormone the function of which is to inhibit the 
development of the gonad. In the case of aquatic 
animals we naturally turn to the gills to see if such 
an organ is provided, and it is already apparent that 
the thymus has been developed for this purpose. The 
thymus is a larval organ which develops in associa¬ 
tion with the gills, and it is already known that its 
secretion inhibits the growth of the gonads. A 
thymus-like secretion will probably be found to be 
at work in this manner in all animals. In the 
Craniata the thymus is removed from, its primitive 
position in the gills, but it lies near the gills of 
fishes, and in them and the higher Craniata con¬ 
tinues to exercise its function of controlling the period 
of adolescence. 

When the thymus ceases to supply its secretion to 
the blood the gonad commences its period of growth, 
and it is probably then that the thyroid comes into 
action to control in similar manner the growth of 
the gonad. The thyroid has an interesting history, 
and in the higher animals at least its relationship to 
the gonad has long been known. It is developed in 
the floor of the gill-chamber, and therefore is in ft 
favourable position not only for helping in the strain¬ 
ing of the food by the gills, but also for intimating to 
the blood the reception of the food, and even other 
environmental changes. The thyroid, then, probably 
controls the second phase; and if the thymus, so to 
speak, during the first is constantly intimating to the 
gonad that it is not time yet to commence growth, that 
the environment is not in the right condition, so can 
we imagine the thyroid controlling the degree of growth 
until temperature and other conditions are favourable 
for spawning. Both these ecological organs may¬ 
be presumed to influence the growth of the soma 
according to the environmental changes. The gonad 
itself during its period of growth contributes messages 
to the blood which influence growth and produce 
migrations. 

With these organs we have to associate the pituitarv 
body, which arises from the ectoderm of the roof of 
the mouth, and the parathyroids, which are developed 
in the gills. The former appears to be very like the 
thyroid in function, and the latter are yet little under¬ 
stood. Until -we know more of these organs it would 
be idle to speculate as to their primitive functions. 
The actions of such organs of the environment may 
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tend to be automatic, as has been suggested, but it 
is probable that direct impulses are introduced pro¬ 
ducing adaptation to changes in salinity and tempera¬ 
ture. For example, there are widely distributed 
species, but restricted to tropical and temperate seas, 
and others which with little or no modification manage 
to live in every kind of water, from equatorial to 
Arctic. Many of the species, therefore, which have 
with great difficulty been differentiated amongst holo- 
plankton will likely turn out to be more physiological, 
than morphological in character. 

We have yet a lot to learn from biochemical inquiry 
and from experiment as to these fascinating ductless 
glands. I have, in the meantime, tried to show that 
some of them are concerned in conveying impressions 
of the environment to the soma and to the germ- 
cells by a series of impulses carried by the blood, and 
leading to a primitive but effective internal and 
external integration. It is probable that reproduction 
in general in Protozoa, and in the cell as in Metazoa, 
is so controlled, and that such fundamental effects 
may have a profound pathological bearing. 

Alexander Meek. 

Armstrong College, Newcastle-upon-Tyne, 

November 8. 


Mode of Feeding and Sex-Phenomena in the Pea-Crab 

(Pinnotheres pisum). 

The pea-crab which lives inside mussels, cockles, 
and sometimes even oysters, has been an object of 
general interest since the days of the Pharaohs, and 
many legends have been invented of the way in which 
it feeds and of its relation to its host. Caiman gives 
an account (“The Life of Crustacea,” by W. T. Cai¬ 
man, London, 1911, p. 217) of many amusing habits 
attributed to this crab by many writers. For instance, 
the pea-crab has been stated to warn its host of the 
approach of enemies or of the entrance of prey be¬ 
tween its gaping valves, but it will be seen from 
what follows that the bivalve and crab depicted in 
Egyptian hieroglyphics to symbolise the dependence of 
man on his friends is indeed an appropriate symbol. 

A search of modern literature, however, reveals that 
only vague accounts exist of the manner in which 
this crab feeds and lives. Recent work on the mode 
of feeding in bivalve molluscs and other plankton 
feeders suggested a possible way in which crabs im¬ 
prisoned in these animals might obtain their food. It 
will be remembered that in those animals which feed 
on plankton—floating organisms—by using the gill 
as a food-sieve, the food-material is collected generally 
into cylindrical masses by means of mucus, and such 
is the” case in mussels, cockles, oysters, and other 
bivalves. Thus animals living in the unoccupied 
space between the valves of these bivalves have ready 
access to a concentrated supply of food. Now 
it is easy to watch a pea-crab inside a mussel 
by cutting a window in the shell of the bivalve 
and allowing a crab to creep inside it. This 
has been done, and the bivalve fed on concentrated 
plankton. It was found that a hungry crab soon 
begins to feed in the manner described below-. 

The larger pea-crabs generally sit on the middle of 
the bivalve, with a pair of the bivalve’s gills on each 
side. The smaller crabs mav be found in any position 
inside a mussel, but are generallv somewhere on the 
gill. When a crab is observed through a window in 
a mussei-shell it is seen that such a position is taken 
up generallv so as to bring the edge of a gill-leaflet 
up against the abdomen of the crab. Now as the 
edge of a gill-leaflet is one of the main food-paths in 
a bivalve, it will be seen that when the mussel is 
feeding cylindrical masses of food will automatically 
pass along the edge of the gill-leaflets, and therefore 
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along the part of the gill to which the crab has 
approximated its abdomen and within easy reach of 
its claws. When feeding the crab moves, or rather 
scrapes, its claws over the gill, and by means of the 
hairy nature of its claws easily catches hold of the 
mucus-strings entangling the food and transfers them 
to the region of its mouth. The claw is now scraped 
over the region of the mouth, and the specially hairy 
mouth-parts of the crab, working in an opposite 
direction, comb off the strings of food and press them 
into the mouth. The claw of this crab is apparently 
specially modified to enable it to be flexed about the 
middle of its length for giving the unusual scope of 
action required for the scraping movements. 

It is thus seen that the pea-crab is a parasite, and 
no advantage of its presence to the host has yet been 
detected, unless it be the occasional association of 
the palps with the crab, for in this case the crab 
would be relieving the host of the necessity for trans¬ 
porting and expelling undesirable food; on the other 
hand, the crab would appear to do no more harm to 
the mussel than to make it- collect food faster or for 
a longer time than would be necessary in an abun¬ 
dant supply of food if the crab w'ere not there. 

There is thus good reason to believe that those 
allies of the pea-crab which are known to live in 
plankton-feeding animals—for example, other bivalves 
and Ascidians—will be found to feed in the same way 
as this crab. 

In the search for these pea-crabs during the summer 
it was observed that berried females were frequently 
found alone in a mussel, and that males appeared to 
be scarce; the method of fertilisation, therefore, was 
not understood, and appeared to be worth investi¬ 
gating. It is well known that in this crab there is 
a marked sexual dimorphism, the males being small, 
very hairy, and, it may be added, very active, 
while the females are large, relatively smooth, and 
extremely passive. Moreover, tiny females have 
apparently never been described. There was thus the 
additional problem of interest of the whereabouts of 
the tiny females—if, indeed, tiny females should 
exist. The whole of the phenomena suggested pro- 
tandry—a suggestion that was strengthened by my 
obtaining a tiny female form moulted from a minute 
supposed male, crab with a carapace only 2-7 mm. 
wide. This tiny female form—now 3-3 mm. in dia¬ 
meter—however, was found to have enormous 
spermothecae crammed full of mature spiked sperm 
and only a trace of gonad, which was, however, 
obviously 7 female. The moult of this specimen was 
now carefully examined, and found to possess the 
full number of abdominal appendages characteristic 
of the female, although otherwise not recognisable 
externally from a male. 

Many other male-like tiny female specimens have 
been obtained, and also a series of moults which leave 
no doubt that the young male-like female attains the 
adult characters through a succession of moults. It 
is an interesting fact that all the larger females 
examined have been found to have their spermothecae 
always full of mature sperm. It would therefore 
appear that this pea-crab copulates precociously at an 
extremely early age before settling down to its later 
sedentary life, and, so far as my observations have 
gone, it would seem that no further meeting with a 
male is necessary, although males have been found 
in the autumn inside the same host as large females; 
a newly moulted female, however, appears to have 
no charm for a male. Sexual dimorphism in the 
species is thus seen to be accompanied bv dimorphism 
of the females, and the change from the male-like 
form of the female to the adolescent young-bearing 
female form appears undoubtedly to depend upon, and 
to occur after, copulation. It would also appear that 
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copulation normally takes place inside the host, and 
that the males visit mussels in their search for 
females, since unwary male crabs have been found 
with their legs or bodies trapped by the mussel closing 
its shell before the cfab could get inside. These crabs 
survive the rough treatment by reason of their extra¬ 
ordinarily strong carapace, and creep inside the mussel 
later when it must perforce relax and open its shell 
in order to breathe. The male-like female has a 
similarly hard carapace which prevents the animal 
being crushed to death if unluckily trapped by the 
mussel destined to become a host. Individual 'crabs 
have been found to be lacking a leg which might 
very well haye been lost in this dangerous operation. 

The life-story of this animal is probably not yet 
complete, since the tiny male-like female appears to 
possess a different sexual apparatus from the older 
forms, and a single male form has been found with 
a carapace closely resembling that of a female. It 
is hoped, therefore, to complete the investigations in 
the near future. J. H. Orton. 

The Laboratory, Citadel Hill, Plymouth, 

November 10. 


The Energy of Cyclones. 

My objection to Mr. Deeley’s suggestion (Nature, 
December 16, p. 502) that cyclones are caused by an 
access of warmth in the stratosphere is that in that 
case the troposphere ought to bulge upwards over the 
cyclone, whereas, in fact, it bulges downwards. The 
inversion at the boundary renders it certain that the 
interchange of air between the troposphere and the 
stratosphere is very slow, and for the few days of the 
life of a cyclone we may, to get a clear idea, imagine 
a light but impermeable film to exist at the boundary. 
If a patch of air above the film were warmed by any 
means it would expand outwards and reduce the 
weight on the film, which should, in consequence, rise. 
If, on the other hand, the film were drawn down¬ 
wards, the temperature of the air above it would rise, 
because each air-particle as it lost in height would 
come under an increased pressure, and be warmed 
adiabatically. If, then, the air is drawn outwards hori¬ 
zontally from a cyclone in the upper part of the tropo¬ 
sphere, the conditions as to temperature and the posi¬ 
tion of the top of the troposphere that are known to 
prevail are readily explained. 

The point mentioned by Sir Oliver Lodge in his 
letter in Nature of November 25 has been, I think, 
put forward by von Besold and others, but Sir Oliver 
seems to have overlooked the result of the heat set 
free by the condensation of the vapour. Could a 
cubic metre ot aamp air be confined in an adiabatic 
but extensible balloon and the vapour be condensed by 
any means, the result would be an increase of volume, 
for the expansion due to the heat produced by the 
condensation would far more than balance the" con¬ 
traction due to loss of pressure. If, indeed, the heat- 
energy due to the latent heat of vapour all took the 
form of kinetic energy in the atmosphere, quite a 
trifling rainfall w’ould suffice to produce over the same 
area the most violent cyclone ever recorded. 

W. H. Dines. 

Benson, Wallingford, Berks. 


The Mechanics of Solidity. 

In Nature of November 18 last Mr. J, Innes 
pointed out that if a number of substances be 
arranged in order of increasing coefficient of 
linear expansion, then they are very nearly in a 
series of decreasing hardness, as shown by Brinell’s, 
Moh’s, or Auerbach’s test, and he has, therefore, 
suggested, that it should be possible to obtain a fair 
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